Multidisciplinary research leading to utilization of extraterrestrial resources Quarterly status report, 1 Jul. - 1 Oct. 1967 by Atchison, T. C.
U N I T E D  STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF MINES 
Hard copy \He)- 
Microfiche (MF) - 
f i  663 Jdv 66 
I 
TWIN CITIES MINING RESEARCH CENTER 
Walter E. Lewis, Research Director 
0 2  - 1 2 9  
(THRU) (ACCESSION NUMBER) 
/ 
0' (NASA CR OR TMX OR AD NUMBER) (CATEGORY) 
https://ntrs.nasa.gov/search.jsp?R=19680003433 2020-03-12T11:48:07+00:00Z
NASA Contract R-09-040-001 
MULTIDISCIPLINARY RESEARCH LEADING TO 
UTILIZATION OF EXTRATERRESTRIAL XESOURCES 
Quarterly Status Report 
July 1, 1967 to October 1, 1967 
U . S . Bureau of Mines NASA Program of Mult idiscipl inary Research 
Leadhg to Ut i l i za t ion  of Extraterrestrial Resources 
QUARTERLY STATUS REPORT July 1. 1967 t o  October 1. 1967 
Contents 
Core group a c t i v i t y  ............................................ 
Selec t ion  and sample co l l ec t ion  of simulated lunar materials 
Physical propert ies  of simulated lunar  mater ia l s  ............... 
Surface propert ies  of rock i n  lunar  environment 
... 
Chemical r e a c t i v i t y  and cold welding of f resh ly  formed 
surfaces  ..................................................... 
Era2ture and o ther  f a i l u r e  mechanisms in  lunar environment ..... 
Strength and elastic proper t ies  of rock i n  lunar environment ... 
Rock vaporization. melting. and thermal f r ac tu r ing  
mechanisms in  vacuum ......................................... 
Thermophysical. s t rength .  and elastic propert ies  of rock a t  
elevated 2nd reduced temperatures i n  vacuum .................. 
Cooling and lubr ica t ing  b i t s  i n  d r i l l i n g  i n  lunar environment . . 
Effecc of lunar environment on behavior of f i n e  p a r t i c l e s  ...... 
Support f o r  underground lunar  s h e l t e r  .......................... 
Effec t  of vacuum on explosive-prooerties ....................... 
Effec t  of micrometeoroid bombardment on explosives ............. 
Explosive b l a s t  e f f e c t s  i n  lunar  environment ................... 
Volcanism and o re  genesis 2s r e l a t e d  t o  lunar  mining ........... 
Reduction of s i l i c a t e s  with carbon ............................. 
Reduction of silicates i n  plasma torch ......................... 
Magnetic and electrostatic proper t ies  of minerals in  a vacuum .. 
Biological production of s u l f u r i c  ac id  ......................... 
S t a b i l i t y  of hydrous silicates and oxides i n  lunar 
................ 
Cuttings removal in d r i l l i n g  in  lunar environment .............. 
Electrowinning of oxygen from s i l icate  rocks ................... 
environment .................................................. 
1 
3 
4 
11 
11 
13 
13 
14 
16 
18 
18 
18 
25 
26 
26 
32 
34 
35 
37 
STATUS REPORT FIRST QUARTER FISCAL YEAR 1968 
U. S. Bureau of Mines NASA Program of Mul t id i sc ip l imry  Research 
Leading t o  Ut i l i za t ion  of E x t r a t e r r e s t r i a l  Resources 
October 1, 1967 
Task t i t le :  
Invest igator  : 
Location : 
Date begun: 
Personnel : 
Core group a c t i v i t y  
Thomas C. Atchison, Senior Research S c i e n t i s t  
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
April  1965 To be completed: Continuing 
Thomas C. Atchisci ,  Supervisory Research Physicis t  
David E. Fogelson, Supervisory Geophysicist 
Cl i f ford W. Schultz, Metal lurgis t  
James Fcme, Supervisory Mining Engineer 
Othez Bureau personnel, as assigned 
PROGRESS REPORT 
Obiective 
To provide tne basic  s c i e n t i f i c  and engineerfng knowledge needed f o r  
subsequent development of an e x t r a t e r r e s t r i a l  mineral resource extrac-  
t ion ,  processing, and u t i l i z a t i o n  technology f o r  supporting and enhanc- 
ing the economy of manned lunar and planetary missions. 
- Progress During the Zirst Quarter 
The core group prepared and submitted two proposals f o r  consideration 
by NASA. 
and Applications, was a rev is ion  of an earlier proposal f o r  measuring 
the engineering propert ies  of lunar surface rocks brought back by the  
Apollo astronauts.  
+he small amount of material t h a t  w i l l  be returned and the  large num- 
ber of s c i e n t i f i c  measurements t h a t  NASA des i res  t o  have made. The re- 
vised proposal, i n  addi t ion t o  emphasizing the importance of engineer- 
ing propert ies ,  ou t l ines  the  measurements t ha t  can be made on a small 
amount of mater ia l  and points  out t h a t  the mater ia l  tes ted w i l l  s t i l l  
be usable fo r  many of the planned s c i e n t i f i c  measurements. 
f i c e  of Advanced Research and Technology is  giving strong support t o  
the proposal. 
One proposal, requested Ly NASA's Office of Space Sciences 
The o r ig ina l  proposal was turned down because of 
NASA's Of- 
The purpose of the other  proposal was t o  provide fo r  a continuatton of 
the Bureau's NASA program i v t o  i t s  fourth and f i f t h  years. 
the background, present s t a t u s  and fu ture  plans for  the program. The 
funding leve l  w i l l  probably remain a t  $300,000 per  year, although the 
proposal indicates  areas  where addi t ional  funding would be desirable ,  
It describes 
1 
The NASA core group, with the cooperation of t h e  thermal fragmentation 
group, prepared an analysis  of cur ren t ly  avai lable  information on the  
eleri tr ir-ai  propert ies  of rock f o r  NASI! headquarters. NASA requested 
the analysis  t o  help evaluate a proposal. by the Smithsonian Astrophys- 
ical 3bservatory f o r  a study of t ranslunar  rad io  c o m n i c a t i a n  w i n g  
the lunar surface layer a s  the t ransmit t ing medium. The analysis  in- 
dicated t h a t  da ta  on d i e l e c t r i c  constant and d i s s ipa t ion  f ac to r  under 
ambient Earth environment, including the Center 's  measarements an s i m -  
u la ted lunar rocks, a r e  adequate, but t h a t  major addi t ional  study is 
needed t o  determine the e f f e c t  of moisture content,  temperature, and 
pressure on the e l e c t r i c a l  propert ies  of rock. 
The progress and fu ture  plans of the Bureau's e x t r a t e r r e s t r i a l  resource 
u t i l i z a t i o n  program were reviewed on September 20 a t  Minneapolis by 
NASA's program manager, James Gangler. 
Bruce H a l l  of the Army Engineers Extraterrestr-ie.f  Research Agency. Af- 
ter a preliminary discussion of the e n t i r e  Bureau program with the  core  
group and Center management personnel, the  review team v i s i t ed  the Twin 
C i t i e s  Certer laborator ies  fo r  discussion of individual tasks  with the 
pro jec t  personnel. 
M r .  Gangler was accompanied by 
Sta tus  of Manuscripts 
Sununary of Electrical Property Data on Rock, an informal report  by 
T. C. Atchison, R. L. Marovelli, and R. E. Gr i f f in ,  was submitted t o  
NASA i n  July. 
Engineering Property Measurements on Returned Lunar Sampks, a revised 
proposal by T. C. Atchisort, w a s  submitted t o  NASA i n  September 1967. 
Proposal for Continuing Bureau E x t r a t e r r e s t r i a l  Resource Ut i l iza t ion  
Program, by the core group, was submitted t o  NASA i n  September 1967. 
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Task t i t l e :  
Investigator:  
Locat: icn : 
Date begun: 
Per nne 1 : 
Select ion and sample co l lec t ion  of simulated lunar 
materia 1 s 
David E ,  Fogelson, Project  Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
September 196 5 To be completed: Continuing 
David E. Fogelson, Supervisory Geophysicist 
Other Bureau personnel, a s  assigned 
PROGRESS REPORT 
Ob iec  t ive 
Select and obtain samples of rocks and minerals covering the range of 
materials l i k e l y  to  be found on the Moon. 
Progress During the F i r s t  Quarter 
Pr incipal  work during the quarter w a s  continued review of cur ren t  in- 
formation on the composition of the Moon's surface and co l l ec t ing  
about one-half ton of Dulrlth gabbro from northern Minnesota. 
We were requested t o  supply rock materials t o  the  A i r  Force I n s t i t u t e  
of Technology, Wright-Patterson A i r  Force Base, Ohio, fo r  graduate re- 
search on t h e  adhesive q u a l i t i e s  of lunar s o i l  i n  u l t rah igh  vacuum. 
Several pounds of flow basa l t ,  g r a n o d h r i t e ,  se rpent in i te ,  rhyol i te ,  
semiwelded t u f f ,  and pumice a r e  being crushed t o  less than l/Z-inch 
s i z e  and prepared fo r  shipment. 
S ta tus  of Manuscripts 
None, 
3 
Task t i t l e :  
Invest igator :  Thomas C. Atchison, Senioz Research S c i e n t i s t  
Locat ion: 
Date begun: October 1965 To &- . completed: . Continuing 
Personnel: A l l  projec ts  are pa r t i c ip i  t i ng  
Physical propert ies  of simulated lunar materials 
Twin Cities Mining Research Center . _  
Minmapolis, Minnesota .-. 
~ ,.- 
+- 
PROGRESS REPORT 
Ob tec t ive 
To incorporate simulated lunar  materials i n t o  basic  fragmentation re- 
search cur ren t ly  i n  progress. By t h i s  means t o  determine the  composi- 
t ion ,  e l a s t i c ,  s t rength ,  surface,  thermal, electrical ,  magnetic, and 
explosive shock propert ies  of simulated lunar mater ia l s  i n  Earth envi- 
ronment. 
Progress During the F i r s t  Quarter 
Several of our simulated lunar rocks were included in  -further s tud ie s  
of anisotropy by the  Rock Physics laboratory. 
p r inc ipa l  symmetry axes i n  cubes of rhyo l i t e ,  dac i t e ,  semiwelded t u f f ,  
and pumice. 
study of t h e  pulse ve loc i ty  and the  f a b r i c  o r i en ta t ion  i n  companion 
spheres. 
axes and are mutually perpendicular. The cores w i l l  be pulsed, reso-  
nated, and loaded i n  the  compression xachine fo r  comparison of proper- 
t y  da t a  along the  symmetry axes with da ta  from the  cubes and spheres. 
Cores were d r i l l e d  along 
Location of the  axes i n  the  cubes was determined Zrom a 
The axes were designated a s  l o w ,  medium, and high ve loc i ty  
Completion of the  electrical property s tud ie s  of t h e  simulated lunar 
rocks by the  Thermal Fragmentation laboratory has been delayed, Final  
ana lys i s  of t he  da ta  from t h e  d i e l e c t r i c  constant measurements between 
20 and 100 megahertz was completed and the r e s u l t s  were considered sat- 
i s fac tory .  However, considerable spread was found i r L  the  d i s s ipa t ion  
f ac to r  da t a  and a dec is ion  was made t o  repeat some of the measurements. 
The check measurements were undertaken by an experienced e l ec t ron ic s  
engineer, who was ava i lab le  only in t e rmi t t en t ly  during t h e  quar te r ,  and 
have not  yet  been completed. 
Thermal conductivity and expansion measurements a t  room temperature were 
obtained on some of the simulated lunar rocks, a s  p a r t  of t h e  study of 
the e f f e c t  of elevated and reduced temperatures on these proper t ies ,  de- 
scribed l a t e r  under the  thermal fragmentation tasks .  
The smafl-scale explosive c ra t e r ing  da ta  obtained a t  the duni te ,  vesic-  
u l a r  basa l t  #2,  vesicular basa l t  #3,  and semiwelded t u f f  f i e l d  s i tes  
were analyzed by the Explosive Fragmentation group. I n  general, the  
r e s u l t s  showed the  duni te  t o  be typ ica l  of s imi la r  hard rocks i n  i t s  
breaking cha rac t e r i s t i c s .  The tuf f  broke very readi ly ,  while the two 
4 
ves icu lar  basa l t s  were very d i f f i c u l t  t o  break. I n  most rocks, small 
charge c ra t e r ing  r e s u l t s  ( i n  t h i s  case two-gram charges were used) can 
be extrapolated t o  charge s i zes  of interest i n  b las t ing  operations by 
the use of cube-root scaling. 
two basa l t s  m a 3  a f f e c t  t he  c r a t e r  sca l ing  r e l a t i o n s  f o r  very small 
charges. 
information on the  c r a t e r a b i l i t y  of these types of rock, 
However, the  ves icu lar  nature of the  
Larger charge crater tests w i l l  b.e needed t o  provide more 
S ta tus  of Manuscripts 
Die lec t r ic  Constants and Dissipation Factors Between 20 and 100 Mega- 
her tz  f o r  13 Simulated Lunar Rocks, by Russell E. Gr i f f in ,  i s  being 
prepared as a possible journal  a r t i c l e .  
Impact Pulse Propagation i n  Rock, by Thomas E.  Ricke t t s  and Werner 
Goldsmith, i s  being prepared for  submission t o  the  .'-tlrnal of Geophys- 
ical Research. 
Small-scale Cratering i n  Simulated Lunar Materials, an informal r epor t  
by Dennis V, D'Andrea and Richard L. Fischer, @as submitted t o  the 
core group i n  September. 
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Task t i t l e :  
Invest igator :  
Locat ion: 
liate begun: 
Per so nne 1 : 
(1) Chemical r e a c t i v i t y  and cold welding of f r e sh ly  
formed surfaces  
(2)  Surface propert ies  of rock i n  lunar enviroriment 
Cl i f ford W. Schultz, Pro jec t  Leader 
Twin C i t i e s  Mining Research Center 
Minneapolis, Minnesota 
January 1966 To be completed: March 1969 
Cl i f ford  W. Schultz, Meta l lurg is t  
I I i l l i ~ ~ H .  Engelmann, Research Chemist 
Wallace"W;> Roepke, Pr inc ipa l  Vacuum Specialist  
Kenne i;n 2: Pung - , Physical Science Technic ian 
Ernest Bukofzer, Physical Science Technician 
PROGRESS REPORT 
0 b j e c t ive  
Measure the equilibrium consiants  f o r  the adsorptioil of gases on the  sur-  
faces  of s i l i c a t e  minerals. 
erage necessary t o  i n h i b i t  cold gelding and t o  determine the  ra te  a t  
which various o ther  processes i n h i b i t  or proh ib i t  cold welliing of vacuum- 
formed surfaces. Develop da ta  on the fundamental f r i c t i o n a l  charac te r i s -  
t ics  of mhera l  surfaces  6 s  r e l a t ed  t o  t h e i r  environments. Correlate the 
measurements of f r i c t i o n ,  surface energy, and hardness. Further e s t a b l i s h  
the r e l a t ionsh ip  among these various surface proper t ies  and between sur- 
face and bulk physical propert ies .  
Relate t h i s  quaritity t o  the f r a c t i o n a l  cov- 
Progress During the F i r s t  Quarter 
The inf ra red  gas ce l l  was used t h i s  quarter  t o  measure water vapor con- 
t e n t  i n  the  argon carrier gas. 
2nd condensed to a dew point  of OOC. The output of the spectrophotome- 
ter was too small t o  p e r m i t  i t s  c a l i b r a t i o n  a t  lower water vapor con- 
ten ts .  
The argon was saturated with water vapor 
The thermal conductivity bridge was chosen, therefore ,  as the  gas com- 
pos i t ion  detector .  Tungsten-rhenium res i s t ance  elements of recent  de-  
s ign a r e  being used i n  place of pure tungsten elements used i n  an ear -  
l ier  t r i a l  of t h e  thermal conductivity bridge. The former have a 2 : l  
s e n s i t i v i t y  advantage with superior oxidation o r  burnout res i s tance .  
The thermocouple bridge has been ca l ibra ted  a t  water vapor contents 
corresponding t o  dew points  of 0' and -78OC, 
made i n  comparison to  argon dr ied  with magnesium perchlorate ,  
t i ona l  ca l ib ra t ion  points  w i l l  be obtained a t  d m  poin ts  of 16OC, 
-35OC, and -5OoC, 
Both measurements were 
Addi- 
The completion of the c a l i b r a t i o n  then allows in se r t ing  t h e  b a l l  m i l l ,  
charged with dry qua r t z i t e ,  i n t o  the measurement loop a t  the  bridge. 
The reference loop senses the incoming argon which c a r r i e s  a fixed . 
6 
p a r t i a l  pressure of water vapor. 
which has a. strong a f f i n i t y  f o r  water vapor but not argon, 
ment IC \p of the bridge experiences a lowered water vapor Icvcl ( w i t  I r  
respect  to  t h e  reference loop), proportional t o  the adsorption C:RPW i t g  
of the quar tz i te  i n  the m i l l .  
recorder def lect ions i n  proportion t o  the ch&ge. 
i s  then used to  give quant i ta t ive  measurements of t h e  adstrption, 
Action of the m i l  1 crcntcs  IWW hurb:tc-r\ 
Thc rnr~aswi - 
The differenc& i n  gas coinpositlan ~ " r t h  
The c a l i k t t t f o n  ~ u r v t '  
T k  outgassing s tudies  on the simulated lunar rocks have been cornpIcLc!tl 
and a paper has been prepared fur  presentat ion a-i the national, iiii?etinK 
of the American Vacuum Society z t  Kanras City, Mo,, i n  October, 
invest igat ion has been f r u i t f u l  i n  defining t h e  prjblems which w i l l  he 
encountered i n  physical property t e s t ing  i n  u l t rah igh  vacuum, Some 01 
:he more per t inent  data  are presented i n  tab le  1, 
T h i ~  
TABLE 1. - 0utg.zssing of simulated lunar 
rocks i n u l t r a h i g h  vacuum 
r a t e  a t  
U1 t ima te ul t imate  
pressure t o r r  
Empty chamber 
Dacite 
Pu,.iice 
Tuff 
Serpent ini te  
basa l t  
Granodiorite 
1.5 
2.0 
2.5 
4.5 
7.0 
25 
3r 
n i  1 
2.0 
8.0 
8.0 
100 
250 
It can be seen t h a t  a high co r re l a t ion  exis ts  between the r a t e  of 0~;:- 
gassing and the ul t imate  pressure tha t  i s  dt!xinable, It i? i n t d f w t -  
ing t o  note tha t  the basa l t  which has a r e l a t i v e l y  low spec i f ic  surfsrn 
and very small pores presents  a grea te r  problem than does the t u f f  wtii .cli  
has a high spec i f ic  surface and a very "oyn"  s t ruc ture ,  The bdst. c 8 ~ :  
encountered was the dac i t e  which has a lob dpecif ic  surface and very 
large pores. 
The next work t o  be undertalten i s  the measurement of f r i c t i o n  In an ul- 
trahigh vacuum. I n  pr..paration fo r  t h i s  work, an experimental devicc 
has been b u i l t  and preliminary ca l ib ra t ion  has been made. The loading 
mechanism has been m.odified from tha t  preserited i n  rbe annual progr(:lis 
report .  
added t o  the system tc i  allow the ca l ib ra t ion  of the mass spectromctcr, 
To fur ther  f a c i l i t a t e  the  f r i c t i o n  s tudies ,  a manifold !:as Iwcn 
I n  addi t ion t o  the experimental da ta  which have been obtained, t l i c  worlc 
t o  da te  has resui ted i n  two inventions which have ',een subrrritted LO t l w  
In t e r io r  Department S o l i c i t o r ' s  ofgice. Patent appl icat ions wi.1J. be 
7 
made upon r ece ip t  of a favorable repor t  from the Sol ic f tor .  
t ions  are: 
(2) an anion suppressor gr id  fo r  mass sp~c-.*-ometers. The l a t t e r  i s  a 
device which prevents cross coupling of t h  mass spectrometer and the 
nude ion gauge. 
The inven- 
(1) an o i l  vapor sieve t r ap  fo r  ro t a ry  mechanical pumps, and 
These inventions will be the  subjeccs of notes to  the e d i t o r  f o r  jouriial 
pub1 icat ion. 
S ta tus  of Manuscripts 
Hass Spectrometer Studies of Outgassing from S i m l a t e d  Lunar Materials 
in  U H V ,  by W. W. Roepke and C. W. Schultz, has been prepared for pre- 
sentat ion a t  the  American Vacuum Society Symposirrm i n  October 1967. 
Vacuum Technology Course, an in t e rna l  report  by W. W. Roepke, is i n  
preparation. 
O i l  Vapor Sieve Trap for Rotary Mechanical P i p s ,  by W. W. Roepke and 
K. G. Pung, is being.prepared a s  a Note t o  the Editor i n  Review of Sci-  
e n t i f i c  Instruments. 
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Task t i t le:  
Investigator:  
Lo c a t  ion : 
Date begun: 
Personnel: 
(1) Fracture and other  f a i l u r e  zechanisms i n  a lunar 
environment 
(2) Strength and elastic propert ies  of rock i n  a lunar 
environment 
Robert J. Willard, Acting Project  Leader 
Twin Cities Mining Research Center 
Minneapolis, Minnesota 
June 1966 To be completed: June 1969 
Robert J. Willard, Geologist 
Egons R. Podnieks, Hechanical Research Engineer 
Thomas R. Bur, Geophysicist 
Richard E. Thi11, Geophysicist 
Peter G. Chamberlain, Geophysicist 
Kenneth E. Hjelmstad, Geophysicist 
Richard M. Brumley, Electronics Technician 
- 
PROGRESS REPORT 
Ob i ec  t ive 
Extend current  experimental s tud ies  of rock f a i l u r e  by such mechanisms 
a s  dis locat ion,  twinning, and crack formation t o  include lunar environ- 
ment. Extend current  measurements of static and dynamic e l a s t i c  moduli 
and compressive and t e n s i l e  s t rengths  of rock t o  include lunar environ- 
ment. 
Progress During the F i r s t  Quarter 
The f i n a l  phase of the envirmiisntal  test  program, involving uniaxial  
compression tests on mater ia l s  a t  -250'F with several  d i f f e ren t  mois- 
tu re  contents,  was car r ied  out t h i s  quarter. 
r i a l s ,  flood basa l t  and Devils Lake dac i te ,  were among the rock types 
tes ted  . 
Two simulated lunar mate- 
Tests were a l so  conducted t o  r e l a t e  preconditioning of samples i n  humid 
environment a t  various temperatures t o  the actual  moisture content by 
weight. 
A f rac ture  morphology study was conducted on th in  sect ions cut.-from 
dac i te  disks  previously point loaded t o  f a i l u r e  during the environmen- 
t a l  t e s t  program, 
f e c t s  of- humidity and temperature on crack propagation mechanisms, 
The purpose of the study was t o  co r re l a t e  the e f -  
@signs have been completed and construction s t a r t ed  on bellows and 
p l a t en  assemblies t o  be used as interfacing between the compression 
t e s t  machine and the u l t rah igh  vacuum system. 
improvements have been made on the vacuum system t o  insure t h a t  it w i l l  
be operational a s  soon a s  the major interfacing assemblies a r e  completed. 
Minor modifications and 
3 
Test runs were cor.ducted t a  obtain preliminary pump down curves for sev- 
eral simulated lunar materials in the ultrahigh vacuum system. 
Mr, John McWilliams, tha original investigator for these tasks, has trans- 
ferred t o  a staff position at the Bureau's headquarters office in Washing- 
ton, D. C. Dr. Willard has supervised the work during this quarter. 
- - Status of Manuscripts 
None in progress. 
10 
Task t i t le :  
Investigator:  
Location: 
Date begun: 
Personnel: 
(1) Rock vaporization, melting, and thermal frac.turing 
methods i n  vacuum 
(2) Thermophysical, strength, and e l a s t i c  propert ies  of 
rock a t  elevated and reduced temperatures i n  vacuum 
Robert L. Marovelli, Project  Leader 
Twin Cities Mining Research Center 
Miimeapolis, Minnesota 
October 1966 To be complete-d: September 1968 
Robert L. Marovelli, Supervisory >!‘.ling Engineer 
Ru,;sell E. Griffi.1, Electronic  Research Engineer 
Kuppusamy Thirurnaisii, Mining Engineer 
Carl  F. Wingqutst, Pkysicis t  
David P. Lindrokh, i iysicis t  
Sam G. Demou, 3 y s i c . t s t  
Daryl J. Jersak, h g f n e e r i n g  Technician 
Walter G. Rrawzb, ‘Agineering Technician 
PROGRESS REPORT 
OSjective 
Invest igate  the f e a s i b i l i t y  of extending current  thermal fragmentation 
s tudies  t o  lunar vacuum environmeilt. Currently the thermophysical, 
strength,  and e l a s t i c  proper t ies  of rock a t  temperatures up t o  the 
melting po-int a r e  being measured. 
a ture  range of lunar environmertt. 
tending these property measurements EO lunar vacuum environment. 
Extend t h i s  work t o  the low temper- 
In-.es’ iga te  the f e a s i b i l i t y  of ex- 
Progress During the F i r s t  Quarter 
Major e f f o r t  during the quarter  r e l a t ed  t o  the above tasks  consisted of: 
.(1) fur ther  development of a probe f o r  thermal conductivity work and 
laboratory tests of probes i n  granodior i te  from the lunar s u i t e ,  and (2) 
measurement of the  thermal expansion coe f f i c i en t s  of the lunar rock 
s u i t e  over the lunar temperature range. 
d i r e c t l y  t o  task- 2, but a r e  needed inputs fo r  s tud ies  under task 1. In  
addition, progress on c e r t a i n  phases of regular  Bureau thermal fragmen- 
t a t ion  s tudies  has a d i r e c t  bearing on the two tasks. 
These a c t i v i t i e s  r e l a t e  most 
Thermal conductivity measurements 
Anumber of thermal conductivity probes were fabricated during tt, 
quarter cind the  design f e r tu re s  tes ted i n  rr,eaacraments on laboratory 
specimens. Progress was made on the  pcoblem of the contact res i s tance  
between the probe and the usall of the hole i n t o  wrd:h the  probe i s  in- 
s e r  t e d  . 
Measurements were made on a 6.25-inch diameter core of granodiorite 
from the lunar su i te .  A 3-inch diameter core was then d r i l l e d  out of 
1: 
the  o r ig ina l ,  nieasurements taken, and the procedure repeated fo r  a 2- 
inch cylLnder. The same thermal conductivity values were obtained fo r  
a l l  t h ree  s i zes  and we concluded tha t ,  f o r  granodior i te ,  we could work 
with a 2-inch diameter by 3-inch long core. This represents an impor- 
t a n t  s t e p  s ince the re  i s  a limited space avai lable  i n  the Center vacuum 
chambers and previous thermal conductivity tests required 6.25-inch 
cylinder s . 
A t  the end of the quarter ,  one of our phys ic i s t s  took over the thermal 
conductivity work begun by the University of MinnesoJa graduate s tudent  . 
employed during the summer, and he w i l l  pursue !mth probe development 
and L4mratory measurements on addi t iona l  lunar rocks. 
. 
Thermal expansion 
Elevated ts;pzrature thermal .expansion measurements were made on three- 
of the lunar type rocks over the temperature range 75OF t o  2000OF. 
dilatomel-rr w a s  then modified :or measurements from l iquid ni t rogen 
temperature up t o  room temperature and a second seri& of measurements 
8' ' . ' - I -  - ,ed . 
The 
.. . 
Related Bureau work 
Studies of spa l l iag  and i n e l a s t i c  deformation of quar tz i te ,  g ran i te ,  
and basa l t  were car r ied  out with the  help of the new thermal shock fur-  
m c e ,  providing experience tha t  w i l l  he applied l a t e r  i n  task  l. 
on the  e f f e c t  of low temperatures on rock s t rength  a t - t h e  University of 
Wisconsin w a s  continued, with the i n i t i a t i o n  i n  Ju ly  of  a Enreau-funded 
research grant  t o  develop information on e f f ec t ive  f rac ture  energy over .-. 
the -300'F t o  +300'F temperature range. 
Work 
Sta tus  of Manuscripts 
Flexural Strength of Rock from -320'F t o  160O0F, 
and A. Hendrickson, i s  under preparation as a journal a r t i c l e  and a Bu- 
reau Report of Investigations.  
by R. L. Marovelli 
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Task t i t l e :  (1) Cuttings removal i n  d r i l l i n g  i n  lunar environment 
(2) Cooling and lubr ica t ing  b i t s  i n  d r i l l i n g  i n  lunar 
env ironmen t 
Investigator:  James Paone, Project  Leader 
Location: Twin Cities Mining Research Center 
Minneapolis, Minnesota 
Date begun: January 1967 To be completed: December 1969 
Personnel: James Paone, Supervisory Mining Engineer 
Robert L. Schmidt, Mining Engineer 
Harold F. Unger, Mining Engineer 
Carl F. Anderson, Electronic  Engineer 
David A. Larson, Engineering Technician 
PROGRESS REPORT 
Ob i ec t ive  
Invest igate  various means of removing d r i l l  cu t t ings  with and without 
flushing media i n  lunar environment. 
moval and b i t  lubr ica t ion  associated with d r i l l i n g  i n  lunar environment. 
-- 
Inves t iga te  problems of hea t  re- 
Progress During the F i r s t  Quarter 
A series of d r i l l i n g  experiments was completed using small laboratory 
ro t a ry  and percussion d r i l l s .  From these tests d r i l l a b i l i t y  standards 
were achieved t h a t  w i l l  f a c i l i t a t e  the predict ion of d r i l l  performance 
i n  a simulated lunar environment. 
t r ibuted toward the design of an experiment involving the 30-meter, post- 
Apollo, lunar percussion d r i l l .  
Data obtained under t h i s  pro jec t  con- 
Three prototype b i t s  fo r  the 3-meter rotary-percussive Apollo Lunar Sur- 
face D r i i l w e r e  received from the  Martin Company, Comparative tests fo r  
b i t  l i f e ,  energy per u n i t  volume, and b i t  temperature were conducted i n  
f i v e  d i f f e ren t  simulated lunar rocks. Data obtained from these tests 
were supplied t o  the manufacturer and NASA for h c l u s i o n  i n  subsequent 
ALSD designs, 
S ta tus  of Manuscripts 
None i n  progress. 
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Task t i t le :  
Invest igator :  
Locat ion : 
Date begun: 
Personnel: 
E f fec t  of lunar environmect on behavior of f i n e  p a r t i c l e s  
David E. Nicholson, Pro jec t  Leader 
Spokane Mining Research Laboratory 
Spokane, Washington 
April 1966 To be completed: l4arch 1969 
David E. Nicholson, Mining Eagineer 
Howazd C. Pettibone, C i v i l  Engineer 
Richard H. Sprute, E l e c t r i c a l  Engineer 
Dennis J. Kelsh, Physical Chemist 
Fred W. Houghton, Engineering Technician 
Richard P. Curtin, Engineering Aid 
PROGRESS REPORT 
Objective 
Determine bas ic  physical p roper t ies  whichumay influence the handling and 
t ranspor ta t ion  of f i n e  p a r t i c l e s  i n  a lunar environment as an extension 
of cur ren t  s tud ies  of f i n e  p a r t i c l e  behavior i n  nine b a c k f i l l  applica- 
t ions.  
ergy loss w i l l  be measured. Flow rates and shear s t rength  a t  various 
states of p a r t i c l e  packing and a t  various s i z e s  w i l l  be determined and 
cor re la ted  with f r i c t i o n  and energy loss propert ies .  This work w i l l  in- 
i t i a l l y  be performed under conditions of nornal e a r t h  atmosphere, but 
will be extended t o  perform selected tests, e i t h e r  i n  dry  i n e r t  gas and/ 
o r  u l t rah igh  vacuum. 
t r o s t a t i c  proper t ies  of granular pa r t i c1 . e~  being conducted a t  College 
Park and the  study of f r i c t i o n a l  proper t ies  of mineral surfaces  being 
conducted a t  Minneapolis. 
Intergranular s ta t ic  and dynamic coe f f i c i en t  of f r i c t i o n  and en- 
The work w i l l  be cor re la ted  with the  study of elec- 
Progress During the F i r s t  QuarL?r 
Progress during the f i r s t  quarter  followed the  planned schedule of work. 
The crushing, impact mil l ing,  and c l a s s i f i c a t i o n  c i r c u i t  t o  produce sim- 
ulated lunar sample mater ia l  f o r  t he  f i n e  p a r t i c l e  study i s  nearly com- 
p l e t e .  A 10- by 30-foot Butler building t o  house the c i r c u i t  was moved 
from the  old s t r a in ing  frame s i te  t o  the  Auxiliary Laboratory (former 
missile s i t e )  and erected on an ex i s t ing  building apron. A 2-inch gyra- 
to ry  crusher, f o r  primary crushing of rock samples t o  1/8-inch s i z e ,  has 
been in s t a l l ed .  A small chain conveyor w i l l  move the 1/8-inch crusher 
discharge t o  a shaker screen. Material. passing the 1/8-inch screen w i l l  
pass d i r e c t l y  t o  the impact m i l l  which w i l l  f u r the r  reduce the rcaterial  
t o  a f ine  granular powder. Discharge from the impact m i l l  w i l l  be fed 
i n t o  the  f i n e  p a r t i c l e  c l a s s i f i e r  fo r  f i n a l  c l a s s i f i c a t i o n .  The com- 
p r e s s e d  a i r ,  electric, and water u t i l i t i e s  have been brought i n t o  the 
building and a l l  the process equipment in s t a l l ed .  F ina l  power connec- 
t i ons  t o  the  equipment, construction of two discharge chutes, and the in- 
s t a l l a t i o n  of a ven t i l a t ion  fan  and v e n t i l a t i o n  and discharge ducts for  
the c l a s s i f i e r  w i l l  complete the i n s t a l l a t i o n .  
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Background l i t e r a t u r e  research on handling and flow of bulk granular 
so l id s  i s  being car r ied  out  t o  a sce r t a in  su i t ab le  theory, methods, and 
tests for  determining s ta t ic  and s l id ing  coe f f i c i en t s  of in te rgranular  
f r i c t i o n .  Zero lateral  s t r a i n  t r i a x i a l  tests, with r e p e t i t i v e  loading 
cycles ,  w i l l  be performed t o  develop re la t ionships  between coe f f i c i en t s  
of f r i c t i o n  and the  coe f f i c i en t  of e a r t h  pressure a t  rest, and the  en- 
ergy loss due t o  in te rgranular  f r i c t i o n  as observed by stress hys te res i s .  
It is hoped t o  develop these values f o r  both dense and loose packing. 
Also, standard d i r e c t  shear or t r i a x i a l  shear tests w i l l  be performed t o  
develop angle of internal f r i c t i o n  of material, which w i l l  be r e l a t ed  t o  
the coe f f i c i en t  of f r i c t i o n  of the  material. After indepmdent test de-  
terminations of the  coe f f i c i en t  of f r i c t i o n  from e a r t h  pressure a t  rest 
tests, and of angle of i n t e r n a l  f r i c t i o n  from standard shear tests, we 
hope t o  be able  t o  d i f f e r e n t i a t e  between the  f r i c t i o n a l  s t r eng th  prop- 
erties due to f r i c t i o n  a t  the  g ra in  contacts  and the  s t rength  proper t ies  
due t o  s t r u c t u r a l  interlocking of the  grains .  
the so-called s ta t ic  coe f f i c i en t  of f r i c t i o n  develops from both the  s t ruc-  
t u r a l  packing of the  granular p a r t i c l e s  and the f r i c t i o n  a t  the  g r a i n  con- 
tacts while the  dynamic o r  s l i d i n g  coe f f i c i en t  of f r i c t i o n  develops sole- 
l y  from the  coe f f i c i en t  of f r i c t i o n  a t  the  g ra in  contact. This ana lys i s  
w i l l  fu r ther  requi re  comparison of tes t  r e s u l t s  for  loosely packed gran- 
u l a r  mater ia ls ,  developing subs t an t i a l  f r i c t i o n  s t rength  a: gra in  con- 
tacts, and densely packed samples, which are expected t o  develop com3ined 
s t r u c t u r a l  and f r i c t i o n  contact strength. These r e s u l t s  should be cor- 
r e l a t ab le  with theo re t i ca l  values of s t a t i c  ard s l i d i n g  coe f f i c i en t s  of 
f r i c t i o n .  
This ana lys i s  assumes t h a t  
The conversirn of t he  zero lateral  s t r a i n  compression chamber, o r ig ina l -  
l y  planned f o r  the  second quar te r ,  was s t a r t e d  during t h i s  quarter .  The 
chamber w i l l  be used t o  determice stress r a t i o s  and stress hys t e re s i s  i n  
granular mater ia l s  a s  discussed previously. 
being in s t a l l ed  in  the  loading head of the chamber, and three  high pres- 
sure c e l l s  replaced i n  the  base with low pressure cells. The cells will 
perform in  the  0-150 p s i  range su i t ab le  fo r  expected load ranges i n  the  
f ine  p a r t i c l e  s tudtes .  
wall of the chamber have been tes ted  up t o  1000 p s i  applied load and found 
t o  be i n  good working order. 
fo r  use on the  12,000-lb t e s t ing  machine so t h a t  load readings can be read 
d i r e c t l y  i n t o  an automatic da t a  recording system during the  test eer ies .  
Three low pressure cells  a r e  
Three balanced s t r a i n  gage bridges i n  the la teral  
A l i nea r  pot with dc output has been designed 
S ta tus  of Manuscripts 
None i n  progress. 
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Task t i t l e :  
Invest igator :  
Location: 
Date begun: 
Personnel: 
Support fo r  underground lunar she l t e r  
Robert C. Bates, Pro jec t  Leader 
Spokane Mining Research Laboratory 
Spokane, Washington 
April  1966 To be completed: March 1969 
Robert C. Bates, Mining Engineer 
Lester J. Crow, Mining Engineer 
PROGRESS REPORT 
Obiective 
To advance the  ground support technology needed t o  ca r ry  on ex t r a t e r r e s -  
t r ial  mining i n  support of space missions, as an extension of terrestrial 
ground support research. Research w i l l  be conducted on a ground support 
material which has good po ten t i a l  f o r  u t i l i z a t i o n  i n  both lunar and ear th-  
l y  appl icat ions.  
Not only can su l fur  provide an economical and e f f e c t i v e  soh,: +ion t o  ter- 
restrial  c o n s t r u c t i m  and ground support problems, but i t  has a high 
probabi l i ty  of being indigenous t o  the lunar surface and could, thereby, 
serve i n  an equivalent capacity f o r  lunar she l te r .cons t ruc t ion .  The im-  
mediate objectives a re  to: 
erties and po ten t i a l  uses of su l fur ;  (2) conduct laboratory s tud ie s  t o  
improve c e r t a i n  proper t ies  and t o  determine the f e a s i b i l i t y  of c e r t a i n  
uses; (3) t o  formulate design concepts for  support systems u t i l i z i n g  su l -  
fu r  mater ia ls ;  and (4) t o  develop techniques f o r  f ab r i ca t ion  o r  i n s t a l l a -  
t i o n  of these support systems. 
The mater ia l  se lec ted  fo r  t h i s  i n v e d i g a t i o n  is su l fu r .  
(1) compile a l l  ava3lable da t a  on the  prop- 
Progress Daring the F i r s t  Quarter 
The l i t e r a t u r e  ava i lab le  on the  proper t ies  and po ten t i a l  uses of su l fu r  
i n  support technology has been surveyed. 
fu r  include: low cos t  r e l a t i v e  t o  p l a s t i c s ,  no spec ia l  curing t i m e  re- 
quirements l i k e  p l a s t i c s  o r  concrete, good t e n s i l e  s t rength ,  exceiient 
adhesion proper t ies ,  and good water res i s tance .  Poor abrasion res i s tance  
seems t o  be the  main undesirable fea ture  of su l fu r ,  but t h i s  can be mini- 
mized by providing a tough ware coa t  on the surface. 
The arguments i n  favor of su l -  
Based on knowledge gained from the  l i t e r a t u r e  study, su l fu r  aggregate has 
been selected f o r  fu ture  work. 
addition of an aggregate, and might be fur ther  improvea by addition of 
materials to t h e  su l fu r  mortar o r  by providing a ware coat .  
s tud ies  w i l l  be made on spec ia l ly  graded flow b a s a l t  (simulated lunar 
rock),  lightweight, and high s t rength  aggregates, Variations i n  s t rength  
with aggregace s i z e  and s i z e  d i s t r i b u t i o n  w i l l  be invest igated.  The s i z e  
range for  the  aggregates has not been establ ished,  but it could extend 
from the la rge  pieces produced by a mining machine dcmn t o  s i l t - s i z e  yar- 
t i c l e s .  It i s  hoped t h a t  t h i s  approach w i l l  lead t o  design information 
for  on-the-spot f ab r i ca t ion  u t i l i z i n g  some of the  material  removed from 
the excavation whether it be  on the  ;+loon or  on the Earth. 
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Abrasion res i s tance   is^ f ,proved with the 
Laboratory 
Laboratory equipment and ma-terials a r e  being assembled fo r  the t e s t i n g  
phase 
Mr, Ernest L. Corp, the o r ig ina l  inves t iga tor  fo r  t he  task ,  has t rans-  
ferred t o  the Bureau's Marine Minerals Technology Center a t  Tiburon, 
Cal i f .  Wr. Bates has assumed supervision of t he  work, and Mr. Crow, 
who joined the staff of t h e  S-pokane Laboratory i n  August, has been as- 
signed to  the  task. 
Sta tus  of Manuscripts 
None i n  progress. 
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Task t i t l e :  (1) Effect  of va:-uum on explosive proper t ies  
(2) Effec t  of micrometeoroid bombardment on- explosives 
(3) Explosive b l a s t  e f f e c t s  i n  lunar environment 
Invest igator :  Frank C. Gibson, Pro jes t  Coordinator, Explosives Physics 
Locat ion: 
Date begun: 
Personnel: 
Exp 10s ive s Re search Center 
Pittsburgh, Pennsylvania 
Ju ly  1966 To be completed: June 1969 
Frank C. Gibson, Supervisory Research Phys ic i s t  
Richard W. Watson, Research Phys ic i s t  
J. Edmund Hay, Research Phys ic i s t  
Charles R. Summers, Research Phys ic i s t  
W i l l i a m  F. Donaldiion, Research Phys ic i s t  
Elva M. Guast ini ,  Explosives Equipment Operator 
PROGRESS REPORT 
- Objective 
To develop a body of knowledge re levant  t o  the  use of chemical high ex- 
plosives under lunar environment. Immediate goals  are t o  determine the  
hazards associated with the  s torage,  handling, and use of explosives i n  
an environment characterized by high vacuum, extreme temperature cycling, 
and a f l u x  of small hypervelocity p a r t i c l e s ,  and t o  e s t a b l i s h  techniques 
f o r  minimizing these hazards. 
Progress During the  F i r s t  Quarter 
During the quar te r ,  the  s e n s i t i v i t i e s  of granular RDX charges having 
d e n s i t i e s  of 1.075 g/cm3 and pressed RDX charges of 1.72 g!-m3 dens i ty  
were determined a t  ambient temperature, -197.5OC (bp of N z j  and 115.5OC, 
ind ica t ive  of t he  l t n a r  temperature range. 
The pressed RDX charges consisted of l-inch diameter by l-inch long pel-  
le ts  stacked t o  form a 5-inch long explosiv? charge. 
were 3-inch diamqter Plexiglas cy l inders  machined t o  within one m i l  of 
t he  desired thickness required f o r  a s p e c i f i c  gap. 
were t e t r y l  (3/4-inch long by 3/4-inch diameter) having a nominal densi- 
t y  of 1.57 g/cm3. They were equipped with 3/4-inch long by 3/4-inch d i -  
ameter hollow Plexigli . :  Primaccrd holders. The donor assemblies were 
cemented t o  the  bottom at tenuator  faeas as shcwn i n  f igu re  1. The pres- 
sed RDX acceptor charges were d r i l l e d  to  accommodate five’-twi.sted pairs 
of enamel insulated wires used as th~e-intet :val  sensors and were spaced 
as shown i n  f igure  1. 
The a t tenuators  
The donor charges 
A copper-constantan thermocouple was used for  temperature monitoring. 
The e n t i r e  charge except the  bottom surface which contacted t h e  a t tenu-  
a t o r  was then wrapped with t h i n  asbestos paper fo r  thermal insu la t ion .  
The granular RDX charges were poured in to  5-inch long, l - inch od Plexi-  
g l a s  cyl inders  w i t h  1/16-inch walls and having 0.050-inch thick Lucite 
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Expl oa i v o  ncco pt or r 
As'uostos paper 
insulation 
Thermocouple 
1 scope sync - 
Booster. c 
3cm 
3 cm 
3.7cm. 
Plas t ic holder 
srge 
FIGURE 1. -.Arcrsnp/.;merit ueed for preesed charges. 
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bottoms. The t i m e  in te rva l  sensing wires and thermocouple were inserced 
through the Plexiglas walls ar,d spaced ident ica l ly  t o  those i n  the pres- 
sed charges. The donor charge-attenuator assembly was iden t i ca l  t o  t h a t  
used with the pressed charges a s  i l l u s t r a t e d  i n  f igure  2. The Plexiglas 
cylinciers were to t a l ly  confined i n  a wrapping of  t h i n  asbestos paper. 
The charges were transferred from the furnace o r  l iqu id  nitrogen contain- 
er t o  the donor-attenuator assemblies by a pulley mechanism operated from 
the control  room. The device consisted of a metal arm coupled t o  a fixed 
pivotal  sha f t  a t  one end. 
end of the a m  and could be rotated i n  a v e r t i c a l  plane through 180'. 
i t i a l l y ,  the charge was immersed i n  l iquid nitrogen o r  inser ted in to  t!w 
heating uni t ;  and by movement through 180°, the  charge was t ransferred t o  
the attenuator which had beer, aff ixed t o  a properly located test stand. 
The mechanism is schematically shown i n  f igure 3. The t ransfer  operation 
required approxiaately f i v e  seconds a f t e r  the charge a t ta ined  the desired 
temFerature; the temperature remained e s sen t i a l ly  constant t o  the t i m e  of  
f i r ing.  / 
The chal-ge was attached t o  the opposite o r  f r ee  
In- 
Time intervals  were measured bc-een two s e t s  of pick-up s t a t i o n s  sepa- 
rated by 3.0 cm. 
t ions Ta t o  b and b t o  T4 using 10-megahertz counter chronographs. A 
similar  s t a t ion ,  '&, was placed a t - t h e  donor-attenuator in te r face  t o  
t r i gge r  the sweeps of two Tektronix oscil loscopes,  models 533 and 5 4 5 8 .  
By employing 4-channei, Type M, plug-in uni t s ,  these scopes recorded 
elapsed times between the entry of the i n i t i a t i n g  pulses and the a r r i v a l  
of the detonation waves a t  s t a t ions  TI, Tz, T3, and T4. 
were 10 psec/div and 5 psec/div f o r  the 545A and 533 ,  respectively.  The 
osc5llograph records gave induction t5mes t o  detonation and more de ta i led  
description of the detonation propagation character is  tics between s t a t ions  
than could be derived from the 10-megahertz counter chronographs zlone. 
The in te rva l  determinations were recorded between sta- 
The time bases 
On the basis  of the foregoing and the use of the Bruceton up-and-down 
method, no s t a t i s t i c a l  difference i n  s e n s i t i v i t y  was observed f o r  RDX a t  
atnbfens tempereture and 115.5OC, but a signLficant decrease was observed 
Both the granulated and pressed RDX charges exhibited t h i s  
pruperty. The gap values f o r  a 50 percent probabi l i ty  of detonation are 
recorded in  table  1 fo r  both granulated and pressed charges a t  the tem- 
3erature investigated. For the granulated RDX charges, the modified gap 
t e s t  difference of 0.067 inch between -195.7"C and ambient represents a 
s ign i f icant  decrease i n  s e n s i t i v i t y  whereas the difference of 0.022 inch 
between 115.5'C and ambient temperature probably does not. Likewise, i n  
the case of pressed RDX, t he  difference of 0.100 inch between ambient 
temperature and -195.7"C represents s ign i f i can t  desensi t izat ion,  but the 
0.008-inch difference between 115.5"C and ambient temperature indicates  
no change has occurred. 
-195.7OC. 
Although instrumentation was employed t o  de tec t  induction t ines  t o  det-  
onation, no differences were observed between -195.7"C and 115.5"C. Al- 
so, no varying trend i n  detonation ve loc i t i e s  was evident over t h i s  tem- 
perature range as shown i n  tab le  1. The range of ve loc i t i e s  measured a t  
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Explosive acceptor 
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Booster charge . .. 
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FIGURE 2. - Arrangement used for granular material. 
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TABLE 1- - Gap values for pressed and granulated 
RDX charges a t  tha 50-50 point 
* 
GranulaLed RDY. Comp A-5 
3 p = 1.075 g/cm 
- 
Temperature . Gap . Detonation Velocity 
Range 
("c) . - .  (inches) ~ ( d s  1 
Oi855 + 0.009 5175 to  6525 0195.7 -
*<#. d + > ~  cr, to 6250 Ambient: 0.922 - + 00020 
115.5 . 0.900 5 0.003 5350 to 6250 
. .  
Preazed RDX, Comp A-5 
3 0~ = 1.72 g/cm 
Temperature Gap Detonation Velocity 
Range ("a (inches) (m/s ) 
*- 195 e 7 0.628 2 0.010 7900 to 8820 
Ambient. 0.728 - + 0.004 8325 to 8570 
115.5 . 0.720 & 0e020 7700 to  l1,1;00 
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115.SoC i n  the case of pressed RDX is  misleading due t o  one questionable 
value of 11,100 m/sec; otherwise, no abnormal ve loc i t i e s  were observed 
a t  t h f s  temperature. 
During the next quarter  it is  planned t o  s t a r t  an inves t iga t ion  in to  tbe  
s e n s i t i v i t y  of explosives t o  i n i t i a t i w i  by p a r t i c l e  impact o r  electromag- 
n e t i c  rad ia t ion  devices capable of simulating micrometeoroid f luxes i n  
space. The DDC search of the  w c l a s s i f i e d  l i t e r a t u r e  f a i f ed  t o  reveal  - 
any spec i f i c  items pertaining t o  the s e n s i t i v i t y  of explosives to small 
p a r t i c k  bombardment. 
launchers and space environment a r t i c l e s  were found accessible  and have 
been requested. 
However, many valuable references t o  fragment 
S ta tus  of Manuscripts 
None i n  progress. 
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Task t i t l e :  
Investigator:  
Loc a t  ion : 
Date begun: 
Personnel: 
Volcanism and ore genesis as r e l a t ed  t o  lunar mining 
Rolland L. Blake, Project  Coordinator 
Twin Cities Metallurgy Research Center 
Minneapolis, Minnesota 
June 1966 To be completed: May 1967 
Rolland L. Blake, Geologist 
Others a s  assigned 
PROGRESS REPORT 
Ob lee t i v e  
Study the genesis of ore deposi ts  and the occurrence of mtnerals asso- 
c ia ted with volcanic a c t i v i t y  here on Earth. Study the  e f f e c t s  of the 
lunar environment and other  emironments on mineral izat ion and o re  gen- 
esis. Bring together the per t inent  information found i n  the l i t e r a t u r e  
on these subjects  and define those spec i f ic  areas  where addi t ional  work 
i s  needed. 
?ronress During the  F i r s t  Quarter 
Work on t h i s  task  ended i n ' f i s c a l  year 1967, except f o r  the completion 
of a summary report  and iecommendations f o r  fu r the r  s tud ies  which is  
s t i l l  i n  progress. 
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Task t i t l e :  
Invest igator :  
Locat ion: 
Date begun: 
Personnel: 
(1) Reduction of s i l i c a t e s  with carbon 
(2) Reduction of s i l i c a t e s  i n  plasma torch 
Sanaa E. Khalafal la ,  Pro jec t  Coordinator 
Twin Cities Metallurgy Research Center 
Minneapolis, Minnesota 
June 1966 To be completed: May 1969 
Sanaa E. Khalafalla,  Supervisory Research Chemist 
Larry A. Haas, Research Chemist 
Howard W. Kilau, Chemist 
Thomas H. McCormick, Physical Science Aid 
PP.OGRESS REPORT 
Ob i ec t ive  
Deternine the  optimum reac t ion  ra te  cr i ter ia  f o r  ex t r ac t ion  of oxygen 
from simulated lunar mater ia l s  i n  a vacuum. The major emphasis of t h i s  
research i s  t o  determine the  k i n e t i c s  and mechanism of the  carbothermal 
reduction of s i l i ceous  materials i n  a high temperature vacuum furnace. 
This is one phase of a mul t id i sc ip l inary  e f f o r t  t o  extract  oxygen v i a  
carbon monoxide from possfble lunar mater ia ls .  
Progress During the  F i r s t  Quarter 
The goal during the  f i r s t  quarter  was t o  determine tha  i n t e r r e l a t i o n -  
ship of t he  reduction rate with the  number of s i l i ca  reac tan t  p a r t i c l e s  
and t h e i r  surface area. 
given si l ica size,  t he  reduction ra te  illcreased almost d i r e c t l y  with the  
number of graphite pa r t i c l e s .  
constant and the  p a r t i c l e s  of si l ica  were varied. 
i t e  used had a mean diameter of 110 a ic rons ,  a BET surface area of 2 .1  
square meters p a r  gram and an estimated ?- mil l ion  p a r t i c l e s  p e r  gram. 
The p a r t i c l e s  p e r  gram mentioned i n  t h i s  report were ca lcu la ted  by assum- 
ing te t ragonal  packing of nonporous spheres with a bed porosity of 30 
percent.l T'nis assumption was previously ve r i f i ed  when a f a i r  agreement 
was obtained between t h e  ca lcu la ted  and measured number of graphite par- 
ticles. The physical p roper t ies  of t h e  s i l i ca  samples, which were &-, 
tained from Wausau, W i s . ,  a r e  shown i n  t ab le  1. It was extremely d t f f i -  
c u l t  t o  obtain the  t rue  (BET) surface a rea  of t h i s  s i l i c a  because of  i t s  
low porosity. The nonporosity of t h e  s i l i c a  was a l s o  ascertained when 
the dens i ty  measured by the  Beckman a i r  pycnometer was the same as the 
t rue  density. The Peckirr E l m e r  sorptometer was modified by converting 
i t  from a dynamic t o  a sta%clapparatus. Even with t h i s  modification, 
the surface a rea  of only tt'e very- f ine  s i l i c a  co t ld  be measured, 
geometric surface a rea  was a l so  ca lcu la ted  -L'ar,each s i l i c a  sample, and 
with the f i n e r  samples was found t o  be approximately half  a s  much a s  
the  BET surface area ( tab le  1). 
'Orr, Clyde, Jr. Pa r t i cu la t e  Technology. MacMillan Co., N. Y.,  1366, 
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The r e s u l t s  l as t  quarter  indicated t h a t  f o r  a 
This quarter  t he  s i z e  of graphi te  was held 
The low dens i ty  graph- 
The 
- 1. 
p. 413. 
TABLE 1. - Carbothermic reduction da ta  with Wausau s i l i c a 1  
cm2/g - 
BET 
--- --- -"- --- 
-..- 
730 
990 
Test 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
- 
Five-hour 
observed 
w e i  ght- loss ,  
percent 
1.92 
3.45 
6.35 
14.5 
32.7 
(31.8 --- --- 
- 
Mean s i l ica  
p a r t  i c  le 
diameter , 
microns 
1410 
7 10 
500 
360 
250 
180 
125 
90 
Number of 
p a r t i c l e s  Surface a re i  
per gram 1- Geometric 
503 
3,940 
11,120 
31,350 
€!8,300 
250,000 
706,000 
2 , 010,000 
31.4 
62.5 
88.5 
125 
175 
24 5 
350 
500 
lThe above tests were a l l  performed a t  1400°C i n  lom2 t o r r  vacuum f o r  a 
The charge consisted of 12 grams of s i l i c a  and 2.4 grams of 
period of 5 hours, The reductant was minus 100 plus  200 mesh low-density 
graphi te .  
graphi te  . 
The v a r i a t i o n  of the  reduction rate, number of particles pe r  gram and the  
geometric=surface area with s i l ica  p a r t i c l e  s i z e  i s  shown i n  f igure  1, 
curves 2, b, and 2, respect ively.  It can be seen t h a t  curves 2 and b de- 
crease near ly  hyperbolically with increasing p a r t i c l e  diameter and i n  a 
p a r a l l e l  manner but curve which describes the surface area va r i a t ion  
with p a r t i c l e  subdivision decreases a t  a lesser rate. Since the number 
of p a r t i c l e s  should vary as the rec iproca l  cube of the-diameter, a p l o t  
of the  rate and numbzr of p a r t i c l e s  w a s  made aga ins t  t he  cube of recip-  
r o c a l  p a r t i c l e  diameter and i s  shown i n  f igure  2 ,  curves 2 and b, respec- 
t i ve ly .  These p l o t s  are found t o  be l i nea r ,  whereas the v a r i a t i o n  of ge- 
ometric surface area on the  same graph w a s  not l inear .  On the other  hand, 
when the r eac t ion  rate and geometric surface area were p lo t ted  aga ins t  the  
re;lprocal of p a r t i c l e  diameter , t he  la t ter  function exhibited a l i nea r  
va r i a t ion ,  as shown i n  curve of f igu re  3, whereas the former function 
(and a l s o  the  number of p a r t i c l e s  per gram) exh ib i t  a cubic power var ia -  
t ion ,  as shown i n  curve 5 of f igu re  3. Therefore, i t  appears t h a t  a bet- 
ter co r re l a t ion  of the  r eac t ion  rate i s  obtained with t h e  number of s i l i -  
ca p a r t i c l e s  per gram than with t h e i r  geometric surface area.  
l as t  f i s c a l  year it was s imi l a r ly  reported t h a t  the ncmber of graphi te  
p a r t i c l e s  were more important i n  determining the reac t ion  rate than t h e i r  
surface area. These r e s u l t s  add f u r t h e r  credence t o  the  ccntention t h a t  
the carbothermic reduction process occurs by a so l id / so l id  reac t ion  and 
not by a preliminary gas i f i ca t ion  s t ep  followed by a gas /so l id  reac t ion .  
The number of p a r t i c l e s  of both r eac t an t s  ( s i l i c a  and graphi te)  appear 
t o  play a predominant r o l e  i n  determining t h e  reac t ion  rate. 
Study of the f e a s i b i l i t y  of reducing s i l i c a t e s  w i t h  ac t iva ted  hydrogen 
i n  c plasma torch was completed during the l a s t  f i s c a l  year. It  was 
concluded tha t  the process was not f eas ib l e  although the  phenomena in-  
volved i n  mineral d i ssoc ia t ion  i n  the  high temperature plasma a r c  night  
I n  t h e  
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FIGURE 1. - Effect  of S i l i c a  Pa r t i c l e  Diameter on Reaction Rate, 
Nurtiber of Pa r t i c l e s  per Gram and Geometric Surface Area. 
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FIGURE 2. - Comparison of the Reaction Rate and the Number of Particles 
. with the Reciprocal Cube of the Particle Diameter. 
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be worth furtb.er investigation. 
of additional eqtiprnent which does not appear warranted at  present, 
report on the  results o f  the feas ib i l i ty  study will be prepared, 
Experimental work would require purc'liaw 
A 
Status of Manuscripts 
None in prqress. 
31 
Task t i t le :  
Investigator: 
Lccati on: 
Date begun: 
Personnel: 
Magnetic and e l e c t r o s t a t i c  propert ies  o f  n ine ra l s  i n  
a vacuum 
Foster Fraas, Project  Leader 
College Park Metallurgy Research Center 
College Park, Maryland 
June 1966 To be compleL-4: May 1959 
Ray A. Heindl, Supervisory Chemical Research Engineer 
Foster.,Fraas, Metal lurgis t  
PROGRESS REPORT 
Ob iec t ive 
Study adsoPptLon and contact e l e c t r i f i c a t i o n  i n  a vacuum and determine 
t h e i r  effeck on the separabi l i ty  of nonconducting minerals. ._ 
Progress During the F i r s t  Quarter 
Objectives fo r  the quarter were t o  i n i t i a t e  operation of the turbo- 
molecular pumping system and t o  test under vacuum the v ibra t ing  elec-  
t r i f i e r  and be'lows-sealed v ibra t ion  feed-through. 
The turbo&olecular pumping sys t e m  and accessories t o  measure flow 
charac-tertstics under high vacuum were completed. 
clude thz vibrat ing e l e c t r i f i e r ,  a feed hopper, and a p a r t i c l e  r e c i r -  
eulating system. 
which co l l ec t s  the f a l l i n g  pa r t i c l e s  and which may l a t e r  be ro ta ted  t o  
a posit ion above the feed hopper where it automatically discharges the 
pa r t i c l e s  i n to  the hopper. The vibrat ing e l e c t r i f i e z  is  a horizontal  
p la te  type simulating the vibratory feeders used i n  ore bzneficiat ion.  
The vibrating e l e c t r i f i e r  and p a r t i c l e  rec i rcu la t ing  system i s  i l l u s -  
t ra ted  i n  f igure  1 with the s t a i n l e s s  steel vacuum chamber elevatcd 
above the  base p la te .  
The accessories in- 
The p a r t i c l e  rec i rcu la t ing  system includes a b in  
A minus 20 plus 35 mesh mixture of quartz and microcline could be vi- 
brated over the a l e c t r i f i e r  surface and recirculated with no indicat ion 
of in te r fe r ing  adhesf.?a of t h e  par t ic les .  The vacuum during t h i s  opera- 
t i o n  wes 3 x lom6 to r r .  t o r r  was i n i t i d -  
l y  obtsined with the pump, a stand-by period without a nitrogen b a c k f i l l  
impaired the i n i t i a l  vacuum. Heaters fo r  bake-out of chamber and pump 
are  attacheci t o  the system, but a thorough baking-out has not  been a t -  
tempted because of f au l ty  cooling of one of the turbo-molecular pump 
bearings . 
Although a vacuum of 5 x 
Status  of Manuscripts -- 
Nons i n  progress. 
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Task t i t le :  
Invest igator :  
Locat ion : 
Date begun: 
Personnel: 
Establ ish the 
Biological production of su l fu r i c  acid 
Joseph A. Sutton, Pro jec t  Leader 
College Park Metallurgy Research Center 
College Park, Maryland 
June 1966 To be completed: May 1967 
Ray A. Heindl ,  Supervisory Chemical Research Engineer 
Joseph A. Sutton, Research Chemist 
John D. Corrick, Research Chemist 
J e r ry  M. Carosella,  Microbiologist 
PROGRESS REPORT 
Obi ec t i v e  
’ imiting ewironmental  conditions f o r  the survivzl  of bac- 
teria of the  genus Ih iobac i l lus .  Determine t h e  r a t e  of s u l f u r i c  acid 
production within these l i m i t s .  Conduct a l i t e r a t u r e  survey and v i s i t  
such laboratdr ies  as  may be necessary t o  e s t a b l i s h  the s ta te -of - the-ar t  
i n  thebuse of bac te r ia  i n  any s tage of a l i f e  support system in  an ex- 
traterrestrial environment. 
Progress Durtng the F i r s t  Quarter 
Work on t h i s  task ended in f i s c a l  year 1967 and r e s u l t s  were reported 
i n  the annual s t a t u s  report .  
repor t  and recommendations f o r  fu r the r  bac te r io logica l  s tud ies  is  under 
consideration. 
Preparation of a more de ta i led  summary 
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Task t i t l e :  
Investigator:  
Loc 2 t ion: 
Date begun: 
Per sonne 1 : 
Electrowinning of oxygen from s i l i c a t e  rocks 
Donald G. Kesterke, Project  Leader 
Reno Metallurgy Research Center 
Reno, Nevada 
June 1966 To be complzted: May 1969 
Thomas A. Henrie, Supe;rvisory Metal lurgis t  
Donald G. Kesterke, Met-allurgist 
Freddy B. Holloway, Physical Science Technician 
John D. Lafontan, Physical Science Aid 
PROGRESS REPORT 
Ob jec t i v e  
To determine the f eas ib i l i t y -p f  obtaining elemental oxygen from s i l i c a t e  
minerals by e l e c t r o l y t i c  methods, for use by the Earth inhabi tants  of the 
Moon. 
physical and electrochemical propert ies  of silicate and s i l ica te -base  
melts containing various amounts of hal ide salts. 
gat ions w i l l  be made to  f ind  su i t ab le  nonreactive crucible  and anode 
materials f o r  use i n  silicate melts, o r  i n  melts containing halides.  
Emphasis w i l l  be directed -toward the determination of e s s e n t i a l  
Complementary inves t i -  
Progress During the  F i r s t  Quarter 
Objectives fo r  t h e  quarter  were to determine the compatibil i ty of 
platinc-l-group metals with molten s i l i c a t e s  and s i l icate-plus-LiF sys- 
tems, t o  inves t iga te  the p o s s i b i l i t y  of sa tura t ing  hot-pressed boron n i -  
t r i d e  with a molten sil icate-plus-LiF mixture, and t o  begin a study of 
the e f f e c t  of m e l t  temperatures above 1,40OoC on the e l e c t r i c a l  conduc- 
t i v i t y  of fused silicates. 
Experiments were conducted t o  determine the a b i l i t y  of plz .inum and i r i d -  
i u m  t o  withstand a t tack  by fused silicates and LiF-bearing s i l i c a t e s .  
The t e s t s  were of a static nerure i n  tha t  a voltage w a s  not applied t o  
the specimens while they were suspended i n  t h e  melts. Iridium w a s  tes ted 
a t  about 1,5OO0C by immersion i n  a pyroxene-type mineral with and without 
added LiF, and i n  a serpe-ttinite-plus-LiF mixture a t  1,250° t o  1,450'C. 
Complete d isso lu t ion  occurred i n  less than 30 minutes i n  the pyroxene- 
bearing mixtures, and severe corrosion occurred a f t e r  about 15 minutes i n  
the serpentinite-bearing mixture. 
t o  1,450'C i n  the serpentinite-plus-LiF system, and d isso lu t ion  occurred 
within a few minutes. Since the e f f e c t  of an applied voltage would be t o  
cause d isso lu t ion  a t  an even f a s t e r  r a t e ,  these r e s u l t s  ind ica te  tha t  
platinum-group metals would be unsuitable fo r  use a s  e lectrode mater ia ls .  
Platinum was s imi la r ly  tes ted  a t  1,250° 
Unsuccessful attempts were made t o  sa tura te  hot-pressed boron n i t r i d e  w i t h  
an LiF-bearing s i l i c a t e  mixture for  possible use a s  an electrode material .  
Boron n i t r i d e  specimens were immersed i n  the melt for  more than one hour 
a t  a temperature of 1,500' t o  1,6OOGC, then they were removed and cooled. 
Microscopic examination of the specimens showed no penetrat icn of the  melt 
materia? . 
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Preliminary te.el:s indicate that molten LiF-bearing silicates have sig- 
nificantly better electrical conductivity at temperatures greater than 
1,40OoC than was attained at a maximum of 1,300OC. 
ture containing 10 weight-percent LiF was almost twice as conductive at 
1,4OO0C, and four times as conductive at 1,550°C, than it wes at 1,300OC. 
From extrapolation of the data attained, it is estimated that currents of 
more then 100 amperes at 30 to 40 volts can reasonably be expected at 
1,500°C. 
and minerals to explore the possibilitjj of designing an electrolytic cell 
in which thermal equilibrium is maintained by means of electrolysis cur- 
ten t alone. 
A basalt-sinter mix- 
Studies of this type will be extended to other silicate rocks 
Status of Manuscripts 
None in progress. 
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Task title: 
Invest igator  : 
Location: 
Date begun: 
Per some 1 : 
S t a b i l i t y  of hydrous s i l i c a t e s  and oxides i n  lunar 
environment 
Hal J. K e l l y ,  Project  Coordinator 
Albany Metali.:rgy Research Center 
Albany, Oregon 
April  1966 To be completed: March 1968 
Ha! J. Kelly, Supervisory Ceramic Research Engineer 
Raymond L. Carpenter, Research Physicis t  
PROGRESS REPORT 
Ob iective 
The long-range object ive i s  the determination of the  energy require- 
ments f o r  d i ssoc ia t ing  silicate and oxrde minerals t o  recover oxygen 
and/or water. 
under high vacuum and elevated temperature of some silicate and oxide 
minerals employing d i f f e r e n t i a l  thermal ana lys i s  (DTA) and thermogravi- 
metric ana lys is  (TGA). 
The immediate object ive is  t o  ii&vest,gate the s t a b i l i t y  
Progress During the F i r s t  War= 
The objeccives fo r  the  f i r s t  qtiarter w e r e  t o  determine, from a review 
of the literature, what rock forming minerals a r e  thermally act ive.  
obtain samples of some of these minerals and make preliminary vacuum 
DTA runs cz them t o  determine which ones are compatible with vacuum d i f -  
f e r e n t i a l  analyses. 
ment w a s  a l s o  included i n  the f i r s t  quar te r ' s  objectives.  
To 
The improvement of the operation of the  TGA equip- 
A rev!.ew of the  l i t e r a t u r e  revealed several  groups of minerals which 
have thermally ac t ive  members. 
dotes,  bauxites,  and amphibole - have been selected f o r  study. 
miscellaneous minerals have a l s o  been selected.  The l i s t  of selected 
minerals i s  given i n  t ab le  1. 
Members of four groups - zeo l i t e s ,  ep i -  
Several 
Sampies of some of these minerals have been obtained and preliminary 
vacuum DTA runs have been made on them t o  determine t h e i r  compatibil i ty 
with vacuum DTA. Gibbsite,  diaspore, and goethi te  appear t o  have low 
ter,perature endothermic reactions.  Furthermore, the samples of these 
min.Erals blew out of the c ruc ib le  i n  a l l  tests. 
and epidote a l l  appear t o  pwduce thermographs t h a t  can be used fo r  the 
study of vacuum decomposition of minerals. 
grcaps should a l so  be usable. 
Act inol i te ,  hornblende, 
Other members of the  same 
Actinol i te  was scudied most intensively during the f i r s t  quarter.  
i n  a i r  has shown thb 
graph, a t  685O, "303, and-1,060°C. 
while the other twc +. - moderate. 
showed three endothermic peaks, a t  800°, 910°, and 1,070"C. The pres- 
sure temperature curve fo r  the vacuum DTA run showed t h a t  outgessing 
DTA 
there were tiiree endothermic peaks on the  thermo- 
The f i r s t  peak was of low magnitude, 
The thermograph for  vacuum ECA a l so  
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TABLE 1. - Minerals for DTA - TGA analysis 
Epidote Groug 
Epidote 
Zoisite CaA13 (Si04)s .OH 
Ca (AlFe), (S io4 )3 .OH 
Bauxite Minerals - Alumina Hydrates 
iibbsite 
Beohmite 
Diaspore 
Amphibole Group 
Tremolite 
Actinolite 
Hornblende 
Miscellaneous Minerals 
Bruc i te 
Apophyllite 
Pyrophyllite 
Goethite 
A1 (OH), 
A10 (OH) 
A10 (OH) 
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s t a r t ed  a t  5OO0C, ended a t  815"C, and s t a r t ed  again a t  980°C and ended 
;.C.l , lOO°C. The f i r s t  large weight loss  
s t a r t ed  a t  600°C and ended a t  800°C. 
l,OOO°C and ended a t  1,100"C. 
between the outgassing curve and the weight l o s s  curve, but there  does 
not appear t o  be any Correlation between these curves and the DTA curves. 
X-ray d i f f r ac t ion  data  were obtained on material heated t o  830°C and t o  
1,200"C in  vacuum. These data  show tha t  heating t o  830°C does not appear 
t o  a l t e r  the s t ruc ture  grea t ly ,  but heating t o  1,200"C mater ia l ly  a l t e r s  
the mineral. 
a l te red  t o  the pyroxene type. 
TGA a l so  was run i n  a i r .  
A second weight loss  s t a r t ed  a t  
There appears t o  be some co r re l a t ion  
After t h e  material i s  heated t o  1,2OO0C, the s t ruc tu re  i s  
Work w i l l  be continued on t h i s  mineral. 
Improvements were made i n  the @ E A  equipment. A smaller furnace w a s  re- 
b u i l t  so t h a t  i t  could be used with the TGA equipment and power supply. 
With the  r e b u i l t  furnace a constant heating rate of 9"C/min can be main- 
tained up t o  1,2OO0C i n  air. The control  thermocouple w a s  i n s t a l l ed  in- 
s ide of the  hangdown tube so t ha t  the temperature of the sample pan is 
about the same as t h a t  of the  control  couple. The large,  45mm, hangdown 
tube w a s  replaced with one of 20mn id.  
great ly .  
M a s  set up on the  100-mg range with the recorder range set a t  4 mg, f u l l  
scale.  
marked improvement over the noise leve l  obtained with the large diameter 
hangdown tube. 
This reduced the noise fac tor  
The baiance 
The noise l eve l  w a s  -L 1 char t  d iv is ion  of 0.04 mg, which is  a 
A blank run w a s  macle with j u s t  the sample pan. 
S t a tus  of Mawscripts 
None i n  progress. 
39 
